A novel, rod-shaped, Gram-stain-negative, halophilic and non-motile bacterium, designated CCB-MM1
The genus Microbulbifer was first proposed by Gonz alez and colleagues [1] with the description of Microbulbifer hydrolyticus. This type species of the genus was isolated from marine pulp mill effluent enrichment. At the time of writing, the genus Microbulbifer consists of 22 species with validly published name. The novel species of Microbulbifer that have been discovered and described more recently include Microbulbifer gwangyangensis [2] , Microbulbifer pacificus [2] , Microbulbifer mangrovi [3] , Microbulbifer rhizosphaerae [4] , Microbulbifer echini [5] and Microbulbifer aestuariivivens [6] . The various species of Microbulbifer were typically found in high-salinity environments including mangrove soil [7] , marine sediment [8] , salt marsh [9] and the rhizosphere of salt marshes plants [4] . Microbulbifer echini [5] is the only described species that was not isolated from the typical environment; it was isolated the gut of a purple sea urchin Heliocidaris crassispina. In terms of the taxonomy status of the genus Microbulbifer, the genus was initially placed in the family Alteromonadaceae, but recently a new family for this genus, Microbulbiferaceae, was proposed based on the results of genome-wide and gene content analyses [10, 11] . Members of the genus Microbulbifer possess the rod-coccus cell cycle associated with the growth phase first described by Nishijima and colleagues [12] .
Mangrove forests are inter-tidal areas between land and sea in tropical regions. Mangrove sediments have been known to show robust dynamics and diversity of microbial communities, which play an important role in the food web and nutrient cycle in ecosystems. We have currently focused on mangrove sediments obtained from the Matang Mangrove Forest in Perak, Malaysia, in which more than 150 bacteria (including strain CCB-MM1 T ) have been isolated. In this study, based on phenotypic and phylogenetic characteristics, strain CCB-MM1
T is considered to represent a novel species within the genus Microbulbifer.
The estuarine sediment sample was collected from Matang Mangrove Forest (4.85228 N, 100.55777 E). The strain was isolated using high nutrient artificial seawater medium (H-ASWM) [13] based on the method described by Dinesh and colleagues [14] . After isolation of pure culture, the strain was maintained on marine agar (MA; BD Difco) at 30 C. The isolate was cultured in marine broth (MB; BD Difco) overnight at 30 C and the culture was mixed with glycerol to a final concentration of 17.5 % (v/v) for T [17] were obtained from public culture collections.
The cell morphology in H-ASWM was observed directly using a light microscope (Olympus BX51) with Â1000 magnification. To observe the rod-coccus cell cycle morphology using scanning electron microscope (SEM), strain CCB-MM1 T was cultured in H-ASWM and harvested after 12 h and 24 h incubation. The cells were fixed with 4 % formaldehyde and 1 % glutaraldehyde, and dehydrated in an ethanol series. After freeze-drying, the cells were coated with gold and observed by a Leo Supra 50 VP field emission scanning electron microscope (Carl Zeiss). Simultaneously, cell aggregation was observed after 24 h incubation. The colony morphology and pigmentation were observed on MA after incubation for 1-5 days. The motility was tested as described by Camacho and colleagues [4] with the use of MA instead of NA-salt medium. Gram staining as well as oxidase and catalase activities were determined based on the methods described by Dinesh and colleagues [18] . Growth under anaerobic conditions was tested on MA with 0.1 % (w/v) potassium nitrate by incubation in an anaerobic pouch (GasPak, BD) for 20 days. Growth temperature was determined at 10-50 C (at 5 C interval) in MB. Growth pH was determined in MB adjusted to pH 4.0 to 10.0 (at 1.0 intervals) by using 20 mM PIPES (pH 4.0-5.0), 20 mM MOPS (pH 6.0-7.0), 20 mM Tris (pH 8.0-9.0) and 10 mM Na 2 PO 4 (pH 10.0). Growth salinity was determined in the range of 0-10 % (w/v) NaCl (at 0.5 % intervals) based on the method described by Miyazaki and colleagues [19] . The requirement for bivalent ions Mg 2+ and Ca 2+ was determined based on the method described by Nishijima and colleagues [12] . Casein, carboxymethyl cellulose (CMC), chitin, starch and xylan degradation was tested using MA supplemented with 1 % of the respective substrates. Plates were incubated for 5 days and positive results were indicated by the presence of a clear zone around the colonies. Gram's iodine was used to stain the starch while Congo red was used to stain the CMC and xylan. DNA degradation was tested using DNase agar (Lab M) supplemented with 1.5 % (w/v) NaCl. The API ZYM (bioM erieux) test was performed according to manufacturer's protocol with the cells suspended in 0.85 % (w/v) NaCl and incubated at 30 C for 6 h. GEN III MicroPlates (Biolog) were used to determine the oxidation of carbon compounds and resistance to inhibitory chemicals of the strain and reference strains. The plates were inoculated with cells suspended in inoculating fluid A (IF-A) added with NaCl to a final concentration 1 % (w/v). The cell density of the fluid was adjusted to 90-98 % transmittance. The plates were incubated and monitored for 5 days by Omnilog and the results were read by using a Microlog station (Biolog). The tests were done in two repetitions and only consistent positive results from both repetitions were regarded as positive. The antibiotic susceptibility was tested as described by Dinesh and colleagues [18] . The antibiotics tested (µg per disc) were ampicillin (10), carbenicillin (100), chloramphenicol (35), erythromycin (20) , kanamycin (30) , streptomycin (50) and vancomycin (25) .
The cellular fatty acid, polar lipid and respiratory quinone analyses were done by the DSMZ identification service [20] [21] [22] [23] [24] . For the production of biomass required for the analysis, the cells were incubated in 500 ml of MB at 30 C for 12 h. The cells were harvested and freeze-dried before being sent to DSMZ for processing.
For phylogenetic analysis, colony PCR was done as described by Dinesh and colleagues [14] to amplify the 16S rRNA coding gene of the strain, with the exception that custom primers were used. The custom primers were designed using the complete genome sequence and targeted upstream and downstream sequences of the 16S rRNA coding gene. The forward primer sequence was 5¢-GTCGGACGACTC TTTAAACTGAAG-3¢ and the reverse primer sequence was 5¢-GTGAGCACTTACGAAACAACTCTC-3¢. Then, the PCR product was cloned into pJET1.2 vector (ThermoFisher Scientific) for sequencing. The complete 16S rRNA coding gene sequence (1524 nt) was used to identify the strain using EzBioCloud [25] . The 16S rRNA coding sequences of Microbulbifer-type strains were aligned using MUSCLE [26] . The phylogenetic trees were reconstructed using neighbour-joining [27] and maximum likelihood [28] methods implemented in MEGA6 [29] with 1000 bootstrap replications [30] . The G+C content of the chromosomal DNA was calculated from the complete genome sequence of the strain (CP014143).
Cells of strain CCB-MM1
T were Gram-stain-negative and non-motile. The cells possessed a rod-coccus cell cycle associated with the growth phase ( Fig. 1 ) similar to observations described by Nishijima and colleagues [12] . The rod cells were 1.3-2.5 µm long and 0.3 µm wide (Fig. 1a) , while the coccoid cells were 0.6 µm in diameter (Fig. 1b) . In liquid medium, the cells reached a stationary phase and turned into coccoid completely within 12-24 h. 
Ultilization of: Maltose with the online Supplementary Material) shows the cell aggregation process in H-ASWM at 30 C. The cells started to aggregate when the cell growth reached exponential phase (Fig. S1a) . The aggregation began with microscopic aggregates containing several number of rod-shaped cells only. After 24 h incubation, the size of the aggregates increased (Fig. S1b) and the cells turned into coccoid. Some of the aggregates adhered to the wall of the polypropylene tube (Fig. S2a) . The cell aggregates were also observed when cells were cultured in MB. The colonies on MA were white in colour, circular and raised with entire edges. Oxidase and catalase activity tests were positive. No growth was observed under anaerobic conditions. Growth was observed at temperature of C (optimum at 30 C), pH of 6.0-9.0 (optimum at 7.0) and salinity of 0.5-8 % (w/v) (optimum at 2-3 %). Strain CCB-MM1
T did not require Mg 2+ or Ca 2+ for growth. Strain CCB-MM1
T degraded starch but not casein, CMC, chitin, xylan and DNA. The API ZYM test showed the presence of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activity. Based on the Biolog system, the strain oxidized dextrin, D-mannose, D-galactose, 3-methyl glucose, L-rhamnose, L-galactonic acid lactone, glucuronamide and a-keto-glutaric acid. The Biolog profiles showed that the biochemical characteristics of the strain were different from that of the reference strains. Some of the differential characteristics of strain CCB-MM1
T and the type strains of related Microbulbifer species are summarized in Table 1 . Strain CCB-MM1
T was resistant to kanamycin (30 µg) and streptomycin (50 µg), but susceptible to ampicillin (10 µg), carbenicillin (100 µg), chloramphenicol (35 µg), erythromycin (20 µg) and vancomycin (25 µg).
As shown in Table 2 , the major cellular fatty acids of strain CCB-MM1
T were iso-C 17 : 1 !9c (31.45 %) and iso-C 15 : 0 (21.36 %). The results showed that strain CCB-MM1
T had a similar composition of cellular fatty acids to the reference strains investigated in this study. The total polar lipid profile (Fig. S3) of strain CCB-MM1
T consisted of phosphatidylglycerol, phosphatidylethanolamine, phosphoaminolipid, two unidentified lipids, an unidentified glycolipid, an unidentified aminolipid and an unidentified phospholipid. This profile was similar but not identical to the polar lipid profile of the reference strains. Ubiquinone-7 (Q-7) and ubiquinone-8 (Q-8) were found in strain CCB-MM1
T and the reference strains with Q-8 as the major respiratory quinone (>67 %).
The complete (1524 bp) 16S rRNA gene coding sequence of strain CCB-MM1
T was determined and verified with complete genome sequencing. The EzBioCloud analysis showed that strain CCB-MM1 T shared the highest sequence similarity to M. rhizosphaerae Cs16b T (98.12 %), M. maritimus TF-17 T (97.46 %) and M. gwangyangensis GY2 T (97.33 %). Therefore, the analysis showed that strain CCB-MM1 T belonged to the genus Microbulbifer. The maximum-likelihood (Fig. 2) and neighbour-joining (Fig. S4 ) phylogenetic trees both showed that strain CCB-MM1
T forms a cluster with M. rhizosphaerae Cs16b T . The similarity (<98.12 %) is lower than a Proteobacteria-specific 16S rRNA gene sequence similarity threshold at 98.7 % [31] . Therefore, a DNA-DNA hybridization test was not performed. The genomic DNA G+C content of the strain calculated from the complete genome sequence was 58.9 mol% [32] .
On the basis of the phylogenetic, phenotypic and genotypic data presented above, strain CCB-MM1
T represents a novel species of the genus Microbulbifer, for which the name Microbulbifer aggregans sp. nov. is proposed.
DESCRIPTION OF MICROBULBIFER AGGREGANS SP. NOV.
Microbulbifer aggregans (ag¢gre.gans. L. part. adj. aggregans aggregate-forming). with an entire edge. The temperature range for growth is 15-45 C and the optimum temperature is at 30 C. The NaCl concentration for growth is 0.5-8 % (w/v) and the optimum concentration is 2-3 % (w/v). Mg 2+ or Ca 2+ is not required for growth. The pH range is 6.0-9.0 and the optimal pH is 7.0. The strain oxidised dextrin, D-mannose, Dgalactose, 3-methyl glucose, L-rhamnose, L-galactonic acid lactone, glucuronamide and a-keto-glutaric acid. Positive for starch degradation but negative for casein, CMC, chitin, DNA and xylan degradation. Enzyme activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase are present. Cells are resistant to kanamycin and streptomycin. The major cellular fatty acids (>10 %) are iso-C 17 : 1 !9c and iso-C 15 : 0 . The total polar lipid profile consists of phosphatidylglycerol, phosphatidylethanolamine, phosphoaminolipid, two unidentified lipids, an unidentified glycolipid, an unidentified aminolipid and an unidentified phospholipid. The major respiratory quinone is ubiquinone Q-8. The genomic DNA G+C content of the strain is 58.9 mol%. The type strain, CCB-MM1 T (=LMG 29920 T =JCM 31875 T ), was isolated from estuarine sediment from Matang Mangrove Forest, Malaysia.
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